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(57) [.Abstract] 

[Problem] With conventional miniifacturing rretlxxi in order t 
o raise printing of paper layer, as for theinorganic finely 
di\ided powder which is added in order flaking to do m printing 
process J t is necessar>' purging to do printing press. In addition, 
entire draw ratio differs from paper layer which is acquiredwith 
uniaxial drawing and' substrate layer which is acquired with biaxial 
drawing, becauseof this \^hen heat i ng, also shrinkage rat io of 
paper layer and substrate layerdiffers, s>'nthetic paper deforms 
in wave conditioa With this invention these problem are 
cancelled 

[Means of Sol ution] This invent ion in three layers coextrusion 

method to depend. Respectively, confluence doing mxed 
extruded product of polypropylene resin and theinorganic 
substance which extrusion are done from jp7 ^ >ne* screw 
rrain extruder which has tliefeeder of 1 and jp7 o >ne * screw 
secondary extruder which hast he feeder of 2, passing by T-die 
head of one, it makesthe paper layer or resin layer / foaming 
intem-ediate layer / paper layer or three-Ia> er slicet of resin 
Iayer,furthemt)re does cooling fonnitioa biaxial stretching, 
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(Cluinis)] 

[Claim 1 ] In nimufacUD ing nrtlxxl of thickness 25 to 250 micT 
on bi;i\ia!!y drawn poivprop>iene (B OPP) pearl gloss s>Titlietic 
paper wluch is acquired with tfiree layers coextnision sy'Stem 
putting, high cr\:?tallimt> polvpropylene (MF1:0.5 to 8)39 to 
95 weigfit % and calcium carbonate [X)w-der 0 to 40 wiei^t % 
of degree of isotactic 97 %or higlier, titaiuimidioxideO to20 
weiglit % , Coiisists of antistatic agent 1 to 5 weight % 
[X)lyj7rop\iene resm blend wiiicK polyprop\iene 22 to 99.5 
weiglit %, polyethylene resin 0 to I 2\\t%, titiinium dioxide 
powder 0 to 20 wieiglit % , said calcium carbonate powder 0 to 
40 w-eiglit % , said antistatic agent 0 to 3 wi% . antitackiness 
agent 0.5 to 3 \\\% , Consists of ultraviolet ab.sorber 0 to 2 wl% 
resin blend whicli Fromjp7 ^ yiic * screw nuin extruder 1 aixl 
liopjxrr and feeder \v1iich of ip7 o yiic * screw secondary' 
extruder 2 which Ins xiid side feeder respectively li^ive theside 
feeder each one to insert, tenperatiire of extiiider is set to 180 
to 2S0 X, Mer confluence fromT-die head extrusion , pearl 
gloss SNTillielic paper sheet to do. With cooling roll of 1 5 to 60 
°C cooling. It fonre, after that biaxiaJ stretcliing is done paper 
sheet wiiicK It lieated to 1 50 to 1 50 X rear, drawiiig , 
annealing, in midline direction 3 to 6- fold diawing to do. 
Fun hem-ore it heals to 140 to 195 °C drawing and said 
annealing, imnufacnumg n-ethod of thickness 25 to 250 
micron biaxially diawii polypropylene pearl gloss s>Tithetic 
paper wiiere itdoes 5 to 1 2 tirres drawing in horizontal 
direction, next does high frequency corona treatinsnl of 20 to 
1 20 K\V efficiency a lie paper layer / fo:iinng intermediate 
layer /said paper layer ofwdndup and tliickness 25 to 250 
microa said paper layer / said foaningintenrEdiate layer / 
resin layer , makes three layers coextnision polypropylene 
pearl gloss s>Tit}ietic paper of 3 kinds of said resin layer / said 
foaming intem-ediate lay'er / said resin layer withlhe reel, 
designates that it niikes application paper of syiitlietic paperfor 
appliaition as feature, is acquired with iliree layers coextnision 
sv'Stem 
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(Tecluiological Field oflnvenlion] As for this invention somel 
hing regiirdiiig imnidacl\mi-|g nTllKxl oftluckness 25 to 250 
micron bKL\ialI\' drawn p<:)lyprop>icne pe;vl gloss s>iit}ietic 
pajx-r wiiich is:icqiured with tlvec layers coextriLsion s\^>lem 
Ix-mg. In c.sjxrcially three layers coextnision nttliod to depend 
Froinip7 yne * screw n hi next aider 1 wliich respectively has 
feeder and jp7 o yne * screw secondan* extruder 2 wliich lias 
kwki exliiLsion nixed extnded prodiictofix^lypropvlene resin 
and inorganic substance uiiich are done conlliience doing, 
f\xssing by T-die head of one, paper lay^M- or resin la\'er / 
foanmg mtemrdiate layer / paper ia\er ortlie three-layer slx^et 
of resin layer to do, FiirllieniiDre passing by cooling formation, 
biaxial stretching, corona treatment and the winding or other 
step , tliree layers coextrusion both sides paper surface pearl 
gloss syBlhelic paper of paper layer / foaming intermedjate 
layer / paper layer which hasthe thickness of 25 to 250 nicroii 
tliree layers coextnision pedion paper sirface pearl gloss 
synthetic paper of the paper layer / foaming intenmli ate 
layer / resin lay^, it produces three layers coextnision both 
sides glossy surface pearl gloss synthetic paper of resin layer / 
foamiiig intenrediate layer / resin layerjt points to those wiiich 
are made application paper of s>Tithetic paperfor applicatioa 

[0002] 

[Pnor Art] Presently polyoleftn synthesis paper generation ^ h 
as ni3de \yax for natural puJp w^tlayed paper. biaxiaJly drawn 
film of polypropylene is designated as substrate layer 
(mlemiedjate layer), s>'nthetic paper wtiichdesignates 
polypropylene imiaxially drawn film which includes inorganic 
finely divided powder of 8 to 65 weight % in the back surface as 
paper layer is applied is utilized. Oji Yuka Synthetic Paper Co. 
Ltd. (DB 69-066-5880) Japan Examined Patent Publication 
Sho 46 - 40794 number, Japan Unexamined Patent Publication 
Sliow-a 56 - 141 339 nurrber and Japan Unexamined Patent 
Publication Showa 56 - 1 18437 nuni)er, liassubmitted Japan 
Unexanined Patent Publication Hei 3 - 87255 number or other 
patent applicatioa 

[0004] 

[ProbleiTB to be Solved by the Invention] With these monufactu 
ring method substrate layer is put between machine du-ection 
drawing equipn^ent and transx'erse direction drawing equipment, 
nuking use of extmder of 2, top and bottom film is rrade and 
paper layens conpleted paper layer drawing is possible in just 
tnias\ erse direction, strength of the paper layer is low. In order 
to raise printing of paper layer, as for inorganic finely divided 
powder vviiich isadded in order flaking to do in printing process, 
i t is necessaryl he c leani ng t o do pr mt i ng press. I n addi t i on, 
entire draw ratio ditlers from paper layer wluch is acqiiiredwith 
iDiiaxial dawmg and subslrate layer which is acquired with biaxial 
stretching, becauseof tliis when heating, also slirinkage ratio of 
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paper layer and substrate layerdi ffers, pa^xrr defomi^ in u:nc 
condition. f*iiriherm[:)re in order to raise stabi lir\ ofprcHjuction 
step aixl proctuct qitililvAvith production step ol" paper layer 
which conpletes top ;uid [>Mtorn film \\^\h extniderof 2 
nTuuifactiiring speed is restricted width ofcoirpleted product 
after the drawing is no nore ih;ui a inixiniun 6 ntier. Kkrcause 
tliickness of single pa|X?r layer at least 10 micron ( usiialK 30 
micron ) it is necess^in jlie thickness of prcxiiict is alx^ve 6(1 
micron aJwTiys. Without, thickness of prcKlnct beconvs 
noniuii ^on\\ intliience apjxrarsm print i ng pr<:>cessing. (\\ Hiciiltv 
of product i on step i s hi gli cnt i re :u t i c! because al s<'> 
nxinufacttiring cost is highjhe product is djflicult to s]iread 
application is difficult. 

[0005] 

[Means to Solve tlie I^oblen-B] In order to solve above-nirnlion 
ed problenx this invention applicant submits theniiniifactunni» 
met hod o f new tri 1 ayer structure s>nt het i c paper, t lii s Xii d 
s>aithelic paper is fonird fiomp^iper layer or resin layer / 
foaning intennediate layer / paper layer or resin layer, 
polypropylene resin bleixi of foanmg intenirdiate layer has 
feeder of 1 fronthe jp7 3 vne * screw nmn extruder whicli 
Respective exiajsion , confluence doing these extruded product 
from jp7 3 vne * screw secondir}' extruder wliich lias feeder of 
2, passing by tlieT-die head of one, it desigintes resin blend of 
pajx^r lav'er or resin layeras ihiee-iayer slicet, Rtrthennore 
passes by cooling fomiitioii bia^xial st retelling , the corona 
treatrrtnt and winding or other step , it obtains tluee layers 
coextnision single / lx)th sides paper aspect and iliepearl gloss 
s>mhelic paper of both sides glossy surface wiiich have 
thickness of 25 to 250 microa niuiufactiring iretlxxJ of this 
invention adopts three lawrs coextnision s>'stem coextrusion , 
finlierrTDre biaxial rolling doing extruded product of each layer 
afterthe confluence , synthetic paper wiiich it acqiures, slicking 
paper a^pectwiiich uniaxiaJ drawing is done m intennediate la\er 
wiiich biaxial stretcliing is doix; with the conventional method , 
SNnthetic paper wiiich it acquires differs wiili structure and tlie 
manufacturing ntthod starting material wtuch is pushed out 
fromsecondar>' extnider siniiltaneousIy,by fact that it chooses 
from resin layer wiiich does not add thepaper layer and 
inorganic filler wiuch use uiorganic filler, tliree layers 
coextrusion both sides paper surface pearl gloss s>Tithetic paper 
of^he paper layer / foaming intemrdiate layer / paper layer, 
tliree layers coextnision pedion paper sin face pearl gloss 
s>nthetic paper of the paper layer / foaning intenrediate 
layer / resin layer, it produces tliree layers coextnision both 
sides glossy surface pearl gloss syntlietic paper oi' resin lawr / 
foaning intenmiiate layer / resin layerxan niike qplication 
paper of s>nthetic paper for application 

[0006] 
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[Eiiixxlin-em of Invention] In order to show technolog>' come 
nt of this invention clerirly, you e>qMaui belovvconceniing 
polypropylene resifi blend and production step ( extnision , 
three layers c(X\\t nisi on . c(X)lina bia\ial stretcliing , corona 
trentnrnt ;\nd wnKiwiii). hiaxially drawn polypropylene pearl 
gloss syiitlieiic pa|x?r of tliis invention h\s trilayer stnicrure. It 
piLslK^sout foajiang niicnnediaie layer with jp7 o yne * screw 
i7nin exti-ikler which has tlicside feeder of 1 . higli cn'stallnuty' 
|X)lypropyiene 39 to 95 wcigjit % ofdegree of isotactic 97 % 
or higlier, with liopi>er wiiich is in ihefonviird direction of niiin 
e.xinider it agitates ;uitislatic agent 1 to 5 weiglit % to uniforin 
inserts in llie niiin extnKler. FnrthemDre calcium carbonate 
powder 0 to 40 weight % aixi titanimn dioxide powder 0 to 20 
weigiil Vo alter weigliing, are inserted inthe iniin extruder with 
side feeder of 1 or 2. .'\fter with jp7 ^ yne * screw of mun 
eMmder kneading in imiforrn theblend of resin and inorganic 
powder is forced in intenrediate nmner (nmner) ofthe T-die 
head In addition, it pushes out paper layer with jp7 z) yTie * 
screw miin extruder 2 which hast he side feeder, polypropylene 
20 to 99.5 wieiglit % , polyethylene 0 to I 2 wt% , antistatic 
agent 0 to 3 w1% , antitackijiess agent 0.5 to 3 wt% and 
ultraviolet absorber 0 to 2 wtyo after withthe hopper which is in 
secondary extruder forward direction agitating to unifom^ 
areinserted in secondary exlnider. Furthermore calcium 
carbonate powder 0 to 40 weiglit % and titanium dioxide powder 
0 to 20 weight % after weigliing, are inserted mthe secondary 
extruder with .side feeder of 1 or 2. Merwithjp7 z> yne* 
screw of secoixlary exmider kneading in theunifonT\ blend of 
resin and inorganic powder is forced in both sidesroad of T-die 
head, confluence doing extruded product from above- 
rrentioned extruder 3 platform, coextrusion .it forms resin 
layer or paper layer / foaming intermediate layer / resin layer 
or sheet of paper layenvith T-die head. Passing by step of 
biaxial stretching , corona treatment and winding, both ofthe 
thickness 20 to 250 micron / it produces pearl gloss synthetic 
pt-q^er of pedion paper aspect, synthetic paper w^ch is 
produced with manui'acniring metliod of this invention is 
suitablefor cultural paper, high crystalimity polypropylene as 
priixipal starting nuterial designates. As for polypropylene 
resin wliich is used with this invention melt index (MF!) being 
theO.5 to 8(230^/2. 16 kg ASTM D1238), nBjorportion 
nnkes isotactic unifonnpolyn"Er. As for polymer structure of 
this kind rrolecule has connected arrangementcorrectly. With 
nDlecular weiglit and distribution state of starting mat enal, 
rrcclianical strength of pearl gloss synthetic paper andthe 
unifomity of qu^ility c;in be controlled, pearl gloss synthetic 
paper which is accpred with nnjiufacturing method of this 
invention lias displayedlhe trilayer structure. /\s shown in 
Figure I . in order to raise paper- ini tat ion effect of the paper 
layer, polyethylene and inorganic powder can be con t)ined, 
gloss , wnling propeny :uid pnnting can be adjusted with do.se- 
MFI of polyethylene adopts those of O.i to 7. strength of 
pa|xr as}^t can be adjusted with MFl ofthe polyethylene. It is 
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[X>!v^ble to bring writing propem^ ajid print ing where iiiorsimic 
powder uhichis iised with this invention f nicr(>}x>re occuiTciKe 
in streicliing process utilization) other things wiiic.h lower 
densirx- oft lie foaining iniemrdiiite layer, di fVers In >ni plrist ic 
paper m pn{X'r layer aiid issiqxrior. Gio<.>sing i kind or 
niiliiple kinds rromcalcimicarboirile , dialonnc.eous e:uih , 
clay.ilie calciinn oxide , bariiuii sulfate and titanium dioxide 
or other groiijx you use inorganic [wwder. p;irticle dianrter 
imkesO.I lo 10 micron, decides dose with dennnil ot~ 
tlieprodiicl. It produces this invention with jp7 ^ mic * screw 
extahJer which sends coni|X)icxied initerial from side direction 
From side feeder you insert inorgaiuc powder in extnicler. It is 
}X)ssible \\ith extruder which utilizes jp7 o yiie * screw- tokiiend 
in imiform In addition, you insert con-^xnuKl grajn wiiich 
kneaded inorganic powder andthe resin first in liop}:)er of 
forvvardin:)St, after mixing with \'arious resin, flirthemi^re you 
can also uisert in extruder. In order with ifus invention opacity 
of product, to adjust degree of wiiiteness and anti ultraviolet 
light characteristic, titanium dioxide powder is used antistatic 
agent of this invention can use antistatic agent which is used 
with conventional biaxiaJly drawn polvpropylene (B 
OPP)entireIy. tertiary anines is used irainly. tertiary- anine 
in order to possess electnc charge transfer characlenstic, can 
remove thestatic electricity which occurs in processing friction 
Regarding to tlii sin vent ion when retracting synthetic pajjer, 
in order inituallythe sticking to do. it is necessar>' to add 
anti tackiness agent. It ispo.ssible to c1kx>.'« 1 kind from silica , 
clay , tlie poly nxthyl ntthyi acryiate ester (PNIM^X) and glass 
beads etc which are used with com'entional biaxial ly drawn 
polypropylene, density of polypropylene pearl gloss synthetic 
paper which is acquired with this invention is 0.7 5 or less,you 
can adjust with conposition ratio of blend. This is low in 
conpanson with 0.79 of synthetic paper of Japaji Unexanined 
Patent Publication Hei 3- 87255niuit)er, because synthetic 
paper of a wider surface area can be produced with ihesame 
weight, econorrry is liigh. biaxjally drawn polypropylene pearl 
gloss synthetic paper which is acqiured with this invention has 
paper layer / foaning uiterm;diate layer / paper layeror tri layer 
.structure of resin layer, propert)' and production capability 
cont)imtion, the facility aixJ operation of nnteriaJ is a deep 
relationship. As for biaxial stretching product of conventional 
polypropylene film, nujority has not added filler jt is a 
transparent product. In order with this invention imitation to 
do paper, and it is necessarylo add inorganic filler of large scale 
in production step it niist overcome problem he prodiKtivity 
of biaxjal stretching production step, in regard to production 
capability and qua lit>' stability, eqiopntnl and step of 
production step which is used with polyprop\ lenc pearl gloss 
synthetic paper (thickness 25 to 250 nicron) oft he lliis 
invention are shown in Fniure 4. 



It consist.^ of )p7 ^ yne * screw' nn in e.xt ruder I which kis e.xtr 
uder equipntni ( Figure 4 ( 1 )): .side teeder aiKl lheip7 ^ yne * 
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scr eu >econ(iar\ cxtmler 2 wliich \\\s side feeder, ten-^xratiire 
-sening coiidiiion differs conix>sition of resin blend velocity 
ol MFI. iIk- degree of cr>'slallinity , viscosity and 
iiiinulacun ing line, dejx^ndmg iq^on thickness of product^biit 
It nnkes 1 80 to 280 "C usinll y. With ISO^Xorbelow 
pirt^icizaiion of resm does not acKiince, it is not|x>s^ble to push 
oirt uiih T-die head. With 280 X or hjgfier resin plasticizes 
excessively, crack enters. With tliis invention three layers 
s->iiilxMic jMper ( paixT layer or resin Ia}'er / tbajmng 
inierni-diaie laver / paper layer or resin la>er ) is produced with 
three la\ersc(x?\tnLsions'>^eni confluence doing extruded 
product of tliree la> crs v\ith stA le road design oft^ie T-die head, 
cwxtnision it dc^es three layers with T~dje head. 

It niikes cooling fonning roll equipment ( Figure 4 (2)): water c 
ooled or cwling apparanis of gas cooling type. It cools 
dissolving coextruded product which three la>m coextrusion is 
done with 1 80 to 280 XJorms. It influences control of 
cooling teirperature, largely whether or not after that step goes 
favorably. It am set cooling tenperatrire to 15 to 60 °C 

it can adjust in this rangewiih tliickness of s>'nthetic 
paper sheet ajid x-elocity of manufactwing line. 

LvOngmdiaal direction drawing equipment ( Fjgire 4 (3)): paper 
sheet which passes cooling fonration is inserted inthe 
longitiKiinal direction drawing equipment. First heating to 1 15 
to 1 50 X (It selects with thickness of paper slieet and rate of 
manufactiinngline. paper sheet softening, 
ftirthemxxedraw'ing with 2-slage of low sj^eed and higli speed, it 
give5 longitudinal direction strengthto svmhetic paper In 
additioait fonTBwith annealing. It sets draw ratio of 
longitudinal du-eclion to 3 to 6-foId usually- 
Heating paper sheet which becomes thin with trans\'erse directio 
n drawing equipment ( Figure 4 (4)): maciiine direction drawing 
to the 140 to 195 °C (It selects with thickness of paper sheet 
and rale of nimufacturing line. ), softeiung, drawing m 
trans\'erse direction, furtliemiore it fonns withanneaiing, it 
reuses stability of si2e with portion contractionof pearl 
s>ntlietic paper, usual ly it sets trans\^crse direction draw ratio 
to 5 to 1 2 tini^s. It is possible to choose with charactenstic of 
product. 

Corona treatmnl equipment ( Figure 4 (5)): corona treatirent 
IS done in order to uiprove property of polypropylene pearl 
gloss s>nihetic p:iper,pnnting, application and coating or other 
prcxressing l:^conr easy, corona treatment is done with hi^ 
frequency dj.^li'irge equipment (In velocity of uanufacturing 
line depending adjusinrnt) which designates treatimil 
efficiency as the20 to 1 20 KW. Because of tiiis wetting teasion 
of surface reaches to 36 to 48 dyiie/an 

Vhkinu use of reel ( Figure 4 (6)): iron pipe, pearl gloss s\7itliet 



ISTAs Paterra(rm), Version 1.5 (Tliere rni\ he errors m the aboxe traaslai ion I.S FA cannot p g 

be lield liable lor any detnnm fromiis u5<,-. WWW; hltp://w^^A^'.,nli.sc■leIKe.co^l Tel:8(XM30-5727) 



JP 0021I008A M?}chinc: Irnnr.lation 



t^. :^^0.^CO|.'!ii:^,;ijXM^»Dn/iJi^f 2 5 - 2 5 0 ^ 
-3 O = a>0^1}Tll^l2-c^-&. 



[0 00 7] -4^'^By]0]iU][^'§ ■^B^^^[zi^^mt ^fL6') . 



l^^2 b 0 oyij.T^^.mmiXm^^- 
/"K'J e U> CM F i : 2 . 4)67 11%, g^lfi 

(MF I : 5) 6 2 11%, 4-v'JxTb> (MF I : 1 

) 1 2MM%. Sf€flfio±^l')2lS%. lA^fDjihiftijam 

M%. ^n3^Di^i|3^^fj 1 ll%^^^t>---e;g^L/-ft. 

^ti.2 o(7):7^' h > • x^:? ';3.-# 2lfJ 

l^th^icAn-^o ,^tHi. :7"a ei^> (MFi ■ 2. 

4) 9 7 1S%. li^liS±^i]3l^%?^ ^4+^--Ca^^ 

• •;:!-# 2i']|^aii^i-An^. If dit^cD;^g ^ 2 

00-2 8 0"Ci-|S^L, ^m^.\^^h75^\Z^^)T 
KA^^ffltb-To 15-6 0**cl3|S^^n^;;lriDa~ 

fSfl^^n^o fiJtft^ ^n/;m4Si^.iFS:5[S}igi^^i(-Ati, 
12 0^-15 o"ciz;jo;5AL/;^, iS:^fS]ic sf^iii^^^i 

Ji^nSJcAn, 15 0-18 5"c(-;)DjyiL, ms^Ts 

a:^^^^iSl^cAn, ^f>)^m(;)eni?ijti$f"]± l. Sii^iz 
^is^MT'=it5S'?). ±iB<7:>:^;iT^#bn/;ifc?/2 5 o 

m ^li , -a ^ U r 0 f Hi (7) f f] 1^ I ;K ^1 T ^ C /3 < r ^ ^ 

« ^^j£i5i|-es^3tL?-,[?^^ 6 0 5 ':7P>. 1 00 = '^70 

>, 1 2 0 5 ^ P>oomsmi:^i§/\-;Uirt;R^f!J^.mcOt^ 



ic p:ii>er whicli is conpleted isclesigiiniccl as conpietecl product 
ofuindirp ruid wKhh S iiricr. h cms olV verlically or side in 
.iccoi dance wiili nc-ccssaiy. pncksjiiikes roll or sheet product of 
tfiic kness 25 10 250 nicron. thickness of three hiyers in 
ihickivss 23 to 250 nicron b!a\iall\' ibawn poKprop>iene 
pearl gloss sxntlietic pafx^r uliich is ncquired with niuiufactiiring 
nvthxbf this invention is sho\Mi in Table I . You can adjust 
tliicknessof pajvr layer aixl resin layer in range of thel to 30 
nscf on. 

((K.X)7] hi order to exj^knn I eclinology content of this inventio 
n clearly, Working Fxanple of tliethis invention which 
prcxlucessviitlieiic pajxr for writing, printing, packing 
and\iu-ioiis apphaition below is shown. Ho\v^;ver, patent range 
of this invention is not hinted m this. 

[Working Exanple 1 ] Pedion paper surface pearl gloss s>'ntheti 
c paper of thickness 250 incroii or less 

.'Viler nixing polypropylene (MFI; 2.4)67 wieigjil% and antista 
tic agent 3 wi%, you insert injp? ^ vne * screw main 
extruderwliich lias side feeder from liopper, finlliermore after 
weigliing, ycuunseil caJciuni carbonate powxier 20 vveight% and 
titaniimulioxide IO\vieight% injp7 ^ viie * screw nBin 
e.\t ruder wiiiclirespecti \ ely hits feeder. 1 n addit ioa afler nixing 
[Xilypropylene (Mn:5)6 2 wt% , polyethylene (MFI: I)] 2 
wi% . antistatic agent 2 wl% , ant i tackiness agent 3 wt% and 
ultra\iolet abs<:»rber 1 wt% with mixer, you insert injp7 ^ yx\s, 
* screw fi \ $econdar>' extruder wiiich has side feeder from 
liopiXT. Fiirthennxe calciuin carbonate powder 10 \veigbt% 
and I iianiLDii dioxide 10 weiglit% after weighing, from 
therespeclive 2 feeder are inserted injp7 ^ yne * screw#2 
seconchn exinider. Separately, after mixing polypropylene 
(Mri:2.4 )97 weidit% and ant i tackiness agent 3 wt%with 
mxer, \ouinsert injp7 ^ >Tte * screw U2 second-uy exinider 
winch his side feeder fronthe hopper. It sets terrperature of 
e.xtnider to 200 to 280 °C, it pushes out from iheT-die head 
Willi three layers coextrusion s>^em . Passing by cooling roll 
wiiich is set to 1 5 to 60 ''C, polypropylene pearl gloss synthetic 
paper sheet is cooledind fonrK. You insert paper sheet wtiich 
fomtd in nuchine direction drawing eqiupn-ent, after heating 
to the 1 20 to 1 50 X, you do 5 tures drawing in nuchine 
direction Mer drawing it anneals. After cooling you insert in 
transverse direction drawing equipirent again, lieat to 150 to 
1 85 °C, do tlie9 tints drawing ag^un in trajisverse direction 
Alter drawing it anneals, controls slirinkage ratio of s>'nthetic 
pa|:)er. After coning out of tnuis\erse direction drawing 
eqiu|.>nYnt, you insert in corona ireatntnt eqiupnnil, printing 
oft he syiilk'tic paper inprove, lastly with reel retract. In 
writing , printing, packing and otiier application it ccm widely- 
usetiic jx^dion pa|?er siu face pearl gloss syntlietic paper of 
iliickness 250 micron or less which is acquired with thealx)vTe- 
n-eni ioned nrtlKxI. pi opeily of pedion paper siu face jx^arl 
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gloss s>n(hetic paper ol lhickiicss bO un ion . 1(X) micron and 
1 20 micron winch are selected wiili this uDrking exiinple is 
shown in Table 2. 

[Working E.\;inple 2] Ebih sides pajXT sm face pcarJ gloss s-\iiih 
cljc paper of lliickness 250 micron or less 

Mer nuxingpolvpropvicnc (MFI;2 4)6S wi-iglii'Vo arxJ rmtisia 
lie agent 2 \\t%, you uiv:ri in ip7 ^ \'nc * screw niiin 
c.xiniderwhich lias side feeder from lx)pper. ftoik^rnvre after 
weidung, fronthe respective 2 feeder iii^^rt calciinnciirbonate 
powxjer 15 \vTeiglit% aiKi titanjiimdioxjde 15 weiglit% in ip7 
o vTie * screw main extnjder. In addinoa afk^r nixing 
polypropylene (MF1:5)58 weight% , jx>I\eth\lene (NFl: 1)1 2 
wi%, antistatic agent 2 \vi%, anlitackjnessagent 3 wi%aixi 
ultraviolet abst^rber 1 \vl% with nixcr, respective i^l , you insert 
in thejp7 3 yne * screw secondary extnider 2 which has side 
feeder of ^2 fronthe hopper. Furthenn:>re calcium carbonate 
powder 1 2 wi% and titani inn dioxide 1 2 wt% after weighing, 
fromtherespective 2 side feeder are inserted in #1 and #2 jpv" 
o yne * screwsecondary extnider. It sets tenperature of 
extnjder to 200 to 280 X, it pushes out from theT-die head 
with three layers coextnisions>^,iem P:issing by cooling roll 
wtuch is set to 25 to 60 °C polypropylene pem-I gloss s>nthetic 
paper sheet is cooledand fomis. You iasert paper sheet which 
fom:ed in machine direction drawing etjujpntrnt, after healing 
to the 1 20 to 1 50 y ou do 4. 5 t ini^s drawing in nuchine 
directioa After drawing it anneals. .After cooling you insert in 
trans\'erse direction drawing eqiupnrnt again, heat to 1 55 to 
1 90 °C do theS. 5 tini^s drawing again m transx-erse directioa 
.After drawing it anneals, controls slirinkage ratio of s>-nlhetic 
paper. After coming out of transverse direction drawing 
equipnrnt, you insert in corona treatirrnt equipment, printing 
ofthe s>Tithetic paper inprovie, lastly with reel retract. In 
wnting , pnntmg, packing and otlier application it can widely 
usethe both sides paper surflice pearl gloss SNiitlietic paper of 
thickness 250 nicron or less which is acquired with theabove- 
mentioned method, property of both sides paper surface pearl 
gloss syathetic paper of tliickness 60 micron , 100 micron and 
the 1 50 micron wiiich are selected with this working e.xanple is 
shown ui Table 3. 

[Working E.xaiiple 3] Both sides glossy surface pearl gloss synt 
hetic paper of tliickness 250 nicron or less 

Merm.xingpol>propylene(MFI:2.4)6 2 wt% and antistatic a 
gent 3 wt%, you insert in jp7 5 yne * screw mun 
exmiderwhich lias side feeder from lx>pper, ftrtlieriTore after 
weigliing, fronthe resi^ective 2 feeder iasert calciiDiicarlx>ante 
jxiwder 20 weigiit% and titaniimi dioxide 1 5 weiglii'^o in )p7 
^ >nc * screw'^ nnin extnider. In additioa after nixing 
polypropylene (MFI:3.0) 96 wi*^ i, , miti.static agent 2 wt^M, ;ind 
aniitackiness agent 2 wi% with theni.xer, resi?ecii\'e -71, you 
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insen in jp7 ^ yiie * screw secorxbrxexniKler which Ins side 
feeder or^r2. h seis (en^X'ratiire of exinider (o 2fX) to 280 °C, 
ii pusliosoiit rroinilx*T-die head with ilirec layers coextnisi on 
s\Mein . l*;L«;'^!nij by c(x>liiig roll uhich is sei to 1 5 to 60 ^'C 
polyprop\ lene jxar! gloss s>iuhelic [xiper sheei is cwlechnd 
iornt^. You inserl paper slieei whieli fonird in miichine 
direcli(Mi drauinu equipnrnt. after lieatnig lo llie 1 20 to 1 50 
\ oil do 5 tinv.s <.ira\M{ig in micliine direction. Afler drawing it 
a I inea I s. . \ ft e r i s • i n i g y * >i 1 1 ii"^' n u 1 1 r ar ls\ e i se d i rec t i on 
ill awing etjuipnvm again, heat lo 130 to 1S5 X\ do the9 tinrs 
drawing agani in lra!is\erse direction After drawing it anneais, 
controls shrinkage ratio of s\nthetic paper. Aller coning oiit 
oi' traiisv-crse direction drawing equipni^nt, you insert in 
corona ireatnrnt ecjuipnrnt. printing otllie synthetic paper 
mprove, lasily with reel retract. In writing , printing, packing 
and otJier application it can widely useihe both sides glossy 
surface pear! gloss s>ntlietic paper of thickness 250 micron or 
less winch is acqiured with above-nrntionedinethod. property 
of both sides glossy surface peiirl gloss s>'nthetic paper of 
thickness 70 mcron , 110 nicron and 140 nicron which 
areseiected with this working e.x^uiple is sliown m Table 4. 

[OOOS] 

[ Etlecis of ihe lineniionl S\nthetic pa[x^r which is acqiured wit 
h niijuifaciiring nirtlxKl of this invention drew pa{)er layenn 
inichine direction, bin tnmsxerse direction conventional 
product wiiich design;Ues film whiclihis not been di-awn as 
uniaxial drawing layer, lliere is a big difference inregardto 
coniMraiion of production step and used raw nuterial. 
Fteause of this, it replaces in natural paper aixl it is possible, 
luLs thestrength below^ to expeuid applicatioa starting materia) 
of paper iaver designates polypropylene , polyethylene , 
titanium dioxide aixjthe inorganic powder as rraiji corrponent, 
degj ee of whiteness aixl degree of sluelding exceed conventional 
pa[x?r the mid with gloss. /\s for paper layer of biaxial 
stretching al.so fixing property of inorganic powder 
l^^ingsitisfactoiy with sti fihess wiiich is siq^erior, powder are not 
linirswhen flaking it does m printing process. As for paper 
layer and resm layer and foainng intenrediate layer 
Ix^causecontraction of paper Ixrcoircs unifonn with same draw 
ratKX thesiu face wliich is heated is difficult lo becoire deformed 
1 n \va \ econdj 1 1 on. I n addj t i on paper 1 a yer lind foaning 
intenredjate layer which have sant drawratioare difficult to 
peel otT. It can control thickness of pa[?er layer and resin 
layer in range of thel to 30 micron with exladed anDunt from 
seccnxL'uy exiruckT ( thickness of product clianges with dennnd 
aixl application ). niiiiiificliu-ing speed of production step is 
quick, reaches to nuxinimi 3.5 ton/lir. nmininn width with 8 
nrler. thickness 25 lo 250 micron aixl selection limits is wide, 
paper layer . resin la\er and foaming int en irdi ate layer 
extiiision are done fromthejp? 3 yne * screw e.xtnxler which 
has feeder in side face, kix-admgof tlx- siaitine mitenal because 
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of mi form can control thickness of product withimhe +/- 2 "'o. 
/\s for cxtnider bcc^iuse \i is possible, to insert inorganic }X)\vcler 
of tliepowder in feeder of side face, it is not rK'cessajy to use j list 
iheconpoimd grain ( master batch ) of int >rganic powder, 
greatly can reduce raw niiterial cost. In addition, it is possible 
also to produce conpdimd grain of the iiKnganic powder with 
single tfireaded rod cxtnider fK:^wever. raising L'D ratio ( length 
/ diaiitler ) of itireaded rod of cxtnider. it isneccss;ir\ to 
designate kneading of starting nnlerial as luiifonn 
niiniilacturingcost is low, possesses niu ket conpetiti\e 
strength. 
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[Brief Explanation of the I>awingts)] 

[Figure 1] Trila>^r stmctine of thickiiess 25 to 250 rricronbia 
xiall y drawn polypropylene pearl gloss s>iillietic paper which is 
acquired with three layers coexirusion s>!5tem ( paper layer / 
foaning intermediate la>'er / paper layer ) 

[Figure 2] Trilav'er stnictiire of lliickness 25 to 250 iiicron bia 

xiaJly drawn polypropylene pearl gloss synthetic paper which is 
acquired with three layers coeMnision system ( paper layer / 
foaning interrrEdiate layer / resin layer ) 

[Figure 3] Tn layer structure of diickness 25 to 250 nicron bia 
xially drawn pohpropylene pearl gloss syutlietic paper which is 
acquired with tliree layers coe.xtnisi on sy^ein( resin layer / 
foaning intenrediate layer / resin layer ) 

[Figure 4] Production equipment explanatory diagram of this in 
vention 

Extnider eqiuprrent 

Cooling fomingroll equipment 

Longitudinal direction drawing equiprrent 

Transxerse direction drawing ec]uiprrent 

Corona treaUitnt equipiTEnt 

Reel 
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The New Look in Plastic — It's Paper! 

By Jan H. Schut, Senior Editor 



Synthetic paper based on filled polyethylene or polypropylene film has been around for 
decades without causing much excitement--until recently. "The overall plastics industry is 
growing around 4% a year, but synthetic papers are growing double that, at 8%," says Micke 
Mishne, president of Advanced Polymers, a consultant on printable plastics In Medina, Ohio. A 
long-time preserve of just a few large producers, paper-like blown and cast films are now 
attracting a handful of new players, as well as capacity expansions by the majors. 



Still, success in this niche market doesn't come easily. Formulating is a black art, though off- 
the-shelf masterbatches now make it easier to get started. Also, many printers and converte 
are still wary of plastic's higher cost and density than cellulose paper. Thus, despite growing 
applications, plastic paper can still be a tough sell. 

Synthetic paper targets high-priced niches like beverage labels, restaurant menus, drivers' 
licenses, recipe books, instruction manuals, maps, and book jackets. It folds, looks, and feels 
just like high-quality paper, except that it won't tear, puncture, or absorb water. It can be 
printed using virtually any conventional offset or gravure printing process, but only with 
solvent-based inks, unless it has a coating or surface that will accept water-based ink. 

The first synthetic paper, called Ucar, was launched in the late 1960s by Union Carbide Corp. 
The market today is dominated by a handful of large, global ventures with proprietary 
technologies, each making a distinctive product. Yet the whole synthetic-paper market may 
not be much over 500 million Ib/yr worldwide, estimates Jack Smith, sales manager of Hop 
Industries in Garfield, N.J. Hop distributes a synthetic paper recently Introduced from Taiwan 
by Nan Ya Plastics, whose U.S. headquarters is in Houston. Smith's estimate excludes plastic 
products that replace paper but do not actually mimic Its properties. (Examples include 
DuPont's Tyvek nonwoven and Van Leer's Valeron cross-laminated film.) 

Spurs To Growth 

Several factors are behind the recent expansions in synthetic paper and the entrance of new 
players and products. In Europe, synthetic paper Is benefitting from the drive to replace PVC 
film for environmental reasons. In the U.S., synthetic paper fills more durable applications 
where its high cost can be justified, such as menus, maps, posters, game boards, and 
manuals. In Latin America, synthetic paper is actually cost competitive with cellulosic paper 
because of high duties on imports of the latter. 

Another factor is plastic labels, which increasingly substitute for paper on beverage and juice 
bottles. Multi-wall paper bags and pouches are also converting to plastic-paper sacks. In 
Europe, some multi-wall paper sacks for pet food have switched to synthetic paper from 
Harrier Packaging in Peterborough, U.K., a start-up company making three-layer HOPE 
synthetic paper. 

There are also new markets developing for paper-like films somewhere in between traditiona 
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plastic films and high-end synthetic paper. True synthetic paper tends to match all the traits 
of paper--like bright whiteness, opacity, water-based ink adhesion, scratch resistance, 
stiffness, deadfold properties, puncture strength, low coefficient of friction, and more balance 
MD/TD strength. Newer paper-like films may have some but not all of these traits-e.g., they 
may be printable but not as stiff as paper. 

An example was the conversion in the early '90s of air^courier envelopes from paper to highl 
filled monolayer films, which were coated to give paper whiteness and opacity, though they 
were still readily distinguishable from paper. More recently. Next Generation Films Inc. in 
Lexington, Ohio, entered this market with a three-layer coex blown film that's opaque white 
on one side (thanks to special fillers) and silver on the other. The product is said to have 
inherent cost advantages because a multi-layer structure can run a wider bubble and thinner 
stronger film. Next Generation extrudes it on equipment from Hosokawa Alpine American. 

What's Holding It Back 

Lack of familiarity with plastic paper and reluctance to change on the part of printers, 
converters, and end users are still retarding growth of this market. Another problem is that 
synthetic paper can weigh more per 1000 sq in. than cellulose paper. "It's been a tough 
market to penetrate because of the film's weight/' says Bill Steen Sr., v. p. of WBC Extrusion 
Products in Haverhill, Mass., which launched a product two and a half years ago but is still 
only semi-active in the market. Blown and cast-film processors are exploring multi-layer 
constructions to permit downgauging so as to cut weight and cost. 

Everywhere except in Latin America, growth of synthetic paper is limited by price. Ten years 
ago, it cost four times more than paper in the U.S. Now Advanced Polymer's Mishne says the 
ratio is down to 3:1 and, for some products, 2:1. 

Added to the higher material price is the potential for higher printing costs on plastic paper. 
"There may be higher waste and higher ink cost at the printing level," says Jordan Katz, 
president of Graf ix Plastics, a film converter in Cleveland that sells to printers. His customers 
say printing. on synthetics is slower, and the film stretches more than paper, making print 
registration trickier. These factors require a printer to be knowledgeable about using plastic 
webs. Still, Katz says, "Every time I get frustrated with synthetic paper, we get another orde 
for it. Every year we do more and more of it." 

Opacity Is In The Pits 

Formulation know-how and film structure are the keys to overcoming obstacles of cost, 
weight, and printability. While much is proprietary in this field, several different resins'and 
fillers are known to be used. Some paper-like films are monolayer, while others are three- 
layer coextrusions. Some also rely on surface coatings. 

Whiteness, opacity, and printability are all achieved with the use of inorganic fillers at typica 
levels of 20-30% by weight. The filler itself contributes to opacity and ink adhesion, as well a 
impact strength and deadfold properties, though it decreases puncture strength and adds 
weight. 

Filler particles also contribute to the phenomenon of cavitation, or formation of microscopic 
surface pits and voids in the film that entrap ink and add whiteness and opacity. Cavitation 
occurs when the heavily filled film is stretched, either through slight machine-direction 
orientation of cast film or through blowing a bubble in blown film. The stretch ratio in 
synthetic paper is slight compared with conventional biaxial orientation, but it is enough to 
pull the resin away from mineral particles, creating the micro-voids that scatter light and pits 
that hold ink. Voids can also help offset the weight of the filler. 

The three biggest synthetic-paper producers all use different fillers. The Teslin Products div. o 
PPG Industries, Barberton, Ohio, uses Hi-Sil, an absorptive precipitated silica made by anoth 
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division of PPG. Yupo Corp., a unit of Oji-Yuka Synthetic Paper Co. (a joint venture between 
Oji Paper and Mitsubishi Chemical), uses mica. Arjobex in the U.K., a joint venture of BP 
Amoco and Arjo Wiggins & Appleton Papers, Appleton, Wis., uses calcium carbonate. All use 
Ti02 for opacity. 

Transilwrap Co. of Franklin Park, III., one of the smaller long-time producers of synthetic 
paper, uses talc-filled PP for its ProPrint product, which is used for stereo speaker cones. A 
white version is offered for printing. Transilwrap uses a talc/PP compound from A. Schulman 
Inc. 

Particle size has an effect on opacity, notes filler supplier J.M. Huber Corp. Finer particles in 
many cases raise opacity and reduce the need for costly Ti02. Huber also notes that 
functionalizing the surface of the filler improves ink adhesion, impact strength, and lay flat. 

Resin choice also plays a big role in synthetic paper attributes. For example, PP gives better 
tear resistance, while HOPE gives better stiffness for bag making. HDPE is usually required to 
give a sharp deadfold. Fractional-melt HDPE is one route, but HDPE is brittle unless it's blown 
with a high-stalk bubble. Hanmere Polythene in the U.K. has made Hankraft synthetic paper 
with fractlonal-MI HDPE for over seven years. 

Newcomers to plastic paper today have the option of purchasing some formulating know-how 
off the shelf. A. Schulman offers a series of masterbatches called Papermatch. They were 
introduced in Europe eight years ago but just three years ago in the U.S. As an indication of 
how complex synthetic-paper formulations can be, Schulman combines six to 10 different 
minerals, additives, and resins in its Papermatch concentrates, which can be tailored to make 
paper-like films ranging from imitation white bond to brown kraft. Papermatch originally used 
MMW-HDPE and HMW-HDPE carriers but now also uses polymers compatible with a low-stalk 
bubble process. Some of Schulman's newest formulations may contain up to 20% ethylene 
methacrylic acid copolymer. Other recent grades are aimed at multi-layer cast films. 

Coextrusion adds further formulating options. A multi-layer film allows you to blend in lower- 
cost resins and still achieve downgauging, says Next Generation president Dave Frecka. "I ca 
use as many as nine different resins, including cheap butene LLDPE," he says. 

Coatings are another variable for making paper-like films. Clay coatings similar to those 
applied to paper and typically 5 microns thick can improve tear strength, scratch resistance, 
and printability with aqueous inks. One early player using such coatings is Clear Cast 
Technologies in Ossining, N.Y., which has made Plastiprint synthetic paper since 1987. Clear 
Cast buys blown film and applies the coating. It uses four substrates for different types of 
synthetic papers: HDPE film for a rigid type, a proprietary PE blend for flexible "paper," uv- 
stabilized HDPE film for outdoor use, and a lower-cost PE film for indoor use. 

The Big Three Expand 

Historically, the big producers of synthetic paper were joint ventures of paper and resin 
companies. Their technologies developed separately in Europe, Japan, and the U.S. Union 
Carbide's technology has passed through different hands and now belongs to Arjobex. It 
makes Polyart synthetic paper at three plants in the U.S., U.K., and France. Arjobex doubled 
the capacity of Its U.S. plant in Charlotte, N.C., last year and began exporting to South 
America, where synthetic and cellulosic paper are evenly matched in price. 

Polyart is HDPE compounded with Ti02 and calcium carbonate on a twin-screw extruder that 
directly extrudes film through a flat die and simultaneous biaxial orientation. Rolled stock is 
clay coated using two doctor coating stations from Black Clawson. Polyart film is 3.2 to 12 
mils thick. Recent developments have been aimed at thicker and whiter films. Arjobex is also 
close to introducing its first new trademarked synthetic-paper product in over 15 years. It 
should appear in Europe in the first quarter and in the U.S. by mid-year. 
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Yupo Corp. launched a filled-PP synthetic paper in Japan in the late '60s. Yupo makes it unde 
the Kimdura name for Kimberly Clark. Two years ago, Yupo opened a U.S. plant in 
Chesapeake, Va., and began making the same product under its own name for different 
markets. 

PPG's Teslin Products div. started making synthetic paper in 1987. It added a second line a 
few years later and is installing a third line this year. Teslin uses a mixture of PE and clear 
mineral oil, highly filled with precipitated silica. This mix is calendered, and then the oil is 
extracted after calendering, leaving a porous structure like honeycomb. Porosity makes Teslin 
printable with either water-based or solvent-based ink without any additional treatment 
because the ink soaks into the pores. 

Teslin is said to be the only polyolefin-based synthetic paper that can be used in laser copyin 
machines. Oriented films like Yupo's and Arjobex's would shrink when exposed to the 375-47 
F heat used to fuse the laser toner. Teslin is now commercializing a new coated material for 
Inkjet printing. 

Porosity lowers film density, so a sheet of Teslin has a lower basis weight than other 
synthetics--and less stiffness, too. Porosity also gives Teslin a niche in tamper-evldent films 
for drivers' licenses and other I.D. cards. When Teslin is laminated to another film, the secon 
film enters the Teslin pores, so any attempt to delaminate pulls the substrate apart. 

Enter New Players 

In the past year or two, new firms, large and small, have gotten Into synthetic paper and 
other films with paper-like properties for labels, tags, and the like. Four years ago, Nan Ya (a 
unit of Formosa Plastics in Taiwan) entered the market vyith a calendered, monolayer PP film 
filled with calcium carbonate. It's made in Taiwan and sold under several names by 
distributors, including Hop-Syn sold by Hop Industries. 

Nan Ya has just developed another paper-like product called Dura-Lite, a three-layer structur 
of PP with a clay coating for extra tear strength. Dura-Lite comes in thinner gauges— 2.8-7.2 
mil vs. 3.2-34 mil for Hop-Syn. Both target tags, labels, and offset printing and are corona 
treated for enhanced printability. 

Another recently developed Nan Ya synthetic paper is marketed as Polylith by Granwell 
Products, West Caldwell, N.J. The "G" series is calcium carbonate-filled PP oriented in the 
machine direction to reduce specific gravity. A newer "P" series is BOPP with Ti02 and a 
copolymer skin layer. Markets include prepaid phone cards and in-mold labels. 

Three years ago, Mobil Chemical Films Div. (now ExxonMobil Films), Macedon, N.Y., started 
making synthetic-paper face stock for its Label-Lyte offset-printed beverage labels and for 
thermal-transfer printed, pressure-sensitive labels. The stock is coextruded GPP that's clay 
coated for a paper feel. 

Last year, American Profol Inc. in Cedar Rapids, Iowa, launched ProPaper, a family of 
synthetic papers based on three-layer cast PP films, American Profol blends other resins into 
the PP core layer to get a softer feel and cold impact strength. The films can be used outdoor 
for cold-weather applications like ski tags and labels for gas bottles. 

In the U.K., Harrier Packaging in Peterborough is a new firm making a three-layer coextruded 
blown film using a fractional-melt HDPE core and heavily filled HOPE surface layers to give 
"PaperFeel" its paper-like stiffness and deadfold. The material is blown on a three-layer coex 
line from Battenfeld Gloucester similar to lines used for heavy-duty sacks. Film is converted 
on a standard SOS (self-opening sack) bag machine. 
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